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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ion conductive binding agent for a fuel cell having 
high ion conductivity, excellent heat-resistance and water-resistance, an excellent bonding 
property with a proton acid group containing an aromatic polymer electrolyte sheet and an 
electrode material. 

SOLUTION: The ion conductive binding agent for a fuel cell contains crosslinking polyether 
ketone of a specific structure containing an aromatic ring having a proton acid group and a 1- 
20C alkyl group. The crosslinking polyether ketone contains a repeating structural unit 
containing a proton group represented by a general formulaO) and a repeating structural unit 
represented by a general formula(2). Assuming both the repeating units are 100 mol%, the 
crosslinking polyether ketone preferably contains 10-100 mol% of the repeating unit represented 
by the formulaO) and 0-90 mol% of the repeating unit represented by the formula (2). 
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**WK«5i7 = ^ii % itu ie o « * m *s ct u / * tz « m & m t m m t*b ft r> . m m -e t ■ 

y — ;u N :x ^ / — /i/ % i - ^ D / — /u % 2 - y> u s< S — ;l> ^ zf ? J — /U ft if <D T /U n — 
« , h ^ . > U >- ft if CO K {c * * » , it * 7 . %Lit * \s > tt H <D u If Zs 

{fc ^ fl: Zk X H , v?^ P pxf /l/x-f/V, 1, 4 - is * 1/ ^ 7 h7t Ko7?y4i? 

^ ^ — A , S^^^^yi^, SS^f ^4 if^flgflS^^^^/wpi, T ir h >- , y^/u-xc^ 
/W^ h > ft if <D tr h >-m<Vl&, N , N-v^^f /l/7t h7; H\ N - * ^ /\s - 2 - t° u }) 
K > , ;^;i/^^rv/K, m» is * ft X <D a h^tt*tt»*JBas*>tf p fcft« 
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[ 0 0 6 2 ] 

tt-t. >&. B. T ■=>■ — jv m. , 7- V 7 t K n y y ^ , KMi/^f /vJi^li. * ^ # IS < 

uv\ ^ * *g *j x v / % tz ft m. & m r> m m \± . ft^^siuDiR-ess*, 1 w t % « 

± 8 0 w t % ifr Ll\ 
[ 0 0 6 3 ] 

*3&B ft *%W<D7° n hy»S^*««tt#yi-f hy*>e>!!i:5 

IS * *5 £ / £ ii , *»W©^nh:'»££^Sft«tt#y^-7 l /^hva»fefc5 

5 . *J8»«Ifttfti:li, Will HS^^F-mtPHBItWSSralcJSWWlSJtJWCiU** 10 

u fc * » m » » ft* 9 MtiLis ti zmm t ftft + mmmmfr <bm 

[ 0 0 6 4 ] 

*8«Ol*ttl(l6^tffl^5I»^t*)[8ill. * !> — ft » << * >K1#mVft 
p h ViS^SffctfclT'fcO , # y ^ - x /X 4r h >- i« # T- , * 

Uai-^/HJ-^j^vilS^T-, ^y7^ = u^-y-/U7ri' KS5 # , zK y •Y 5 K SS 4> » # 
Kl»f, ^y^-^^^^B^^^^T-nhvKS^^-^Lfc^ 
^ f A» 5) * 5 K i s f If b ii 5 . tft, *^lf8iaiUffli^/D Fy^Stf S 
«tt#yi-f/i'<rhi'i>64 5R*5»tLV\ Sfc, WIS it (3) -?^S;jx583&HSS 

t LXB, 0>J X. tf , fa*ytt8 r N a . f i onj , JlS 5S ^ *± Si r F 1 emi onj 
. Jll ft fife *t ®! TAc i p 1 exj , y <7&m fDowIj 4? * »f 5» ix 5 . 
[ 0 0 6 5 ] 

*&wiz& z&%m*s £v/*tnzm.j£Vo. v - * * m x , ^ «• m •?& « m « & ft ** 
m m. m m m m n * % « <$ -r 5 . j» ^ * & ^ »± w ft «« r i* * * © # * « * # 5 . 

1 ) * % W ft ffi fc> 5 II fife » i / * fc ft m. fife to £ £• tr 7 =. ;* £ , 

2 ) * % g ft 4 II fife #5 *5 «fc & / £ fc (4 ffl fife «b £ ^ tP ? - * *: , 

m ft * -a- -r 4 & . 30 
4) te©*jfe«:fflv^Tf^*bfc««ft*^BWft«t>5!7 = ^^^ffl^^■cm«^^llJtftS5•s■■^-s 

[ 0 0 6 6 ] 

mm'xm t mm^m-fr^m t l t # ft ps ft & v a* % ^-t^ux, s-^kt'i/^, g 

[ 0 0 6 7 ] 

ttfis, 40 

^u-^-e^tfc i: ft j: <o mnm,m&Mf$.-i- z> * 

[ 0 0 6 8 ] 

*f ^ta!), ^*>-e^i4/i5B< x wiatt, » * tt ft « ix » $^ft^oh>-^s^-^-^ 

« »J « * ti Z> o 

ifcs *^0^ft<t'P, i^-l-^-ve^ttlS^ffl^ffl^fc, »^ttft@^xfc, ffiffita^ffim^ 
[ 0 0 6 9 ] 

[ m m m ] 50 
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bt> * §i w & m * w k. ± t) * e> u m m m m -t a & , * ss w i* r «t 9 at p> m ps $ n 

*J6#J*<o#«t**oK*:£ftiijfcfc:75*i-i::j3 9 5 „ 

°c ic *3 ^ t ay m . 

[ 0 0 7 0 ] 

( o ) 5 %11M'>SS 
^ItttDTA-TG .f^iy^tt»TG-DTA 2 0 0 0 ) Sr ffl ^ , IMS 

it 1 Ot/m i nflf, 10 

( ) #7Xg^fSg 

^Hjfeacs&sayjt (dsc, vy^.f-fi^tt8Dsc3ioo) <k iS * 1 

0 "C / m i n T- ft * . 
[ 0 0 7 1 ] 

( = ) 7° n h 

1) 7'p h>'K5^t*!)i-7 1 ^y hylSfcii©* 2N-i5Ki;-!iat 0 2) 

a l fc m * i4 1» & *g s 7k (c - m, m l fc „ 

3) ifcSio iU^If *fgt#Lfcl«S fcl±»lr 1 5 CCTM^FieSLT, 7 y - 
nh^ttSr-S^fi-SffltSTtfil&SrWfc. 20 
(*) 35 fig 

7< * 7U 7 K^Vr/^rffll^TeOOOmJ/cm 2 o # fig &f £ fr W Sit $ tfc, 
[ 0 0 7 2 ] 

( ) j *^mmm 

4 gSri5mm, A £ 4 0 m m C |] 0 (1) L fc ; P .T F E * )V ? — ± lc WL g L , 

. mffSffi^P B 1(4 2 0mmi:Lfc o y f - 7 ©ISli L C R / - ^ - ( B Slltt 
M3 5 3 2) £ ffl L fc „ ?S S ^ ft tl « *S £ « iK L It- jVitT /U 5 ^ n y ^ K <75 IS ?fi 

flfrtCRiti: tC± OffV^, 30ti>f)l 1 0 "C"© jSiWfif SS-i^Lfc. flP S 14 

^ffi<7>ti?&*irt^<o|g^<7)2gAtcj; >Mt w * isi & $8 £ sg k: -c ft £ a g a* 1 o ox:^mx- 30 
fi ti s. tt a + 5 "c , 1 0 ot«±fiii 2 ot©-tfigtls**»iL, 4*t5l 

[ 0 0 7 3 ] 

( fig W 1 ) 

5 # 31 , ?a^tf*3J:^^S|]l : ^^{iU/-cK^7 7X^^, 4, 4' - 5? 7 /W * D -< W 7 
^y^(0. 525mol) t , 5 0%fl«f 2 10ml ^tAL/;S, lOOtf 1 
2 PlflK^ Lfco rtl4r, 1 0 0 0 g ©**l:#tli Lti, NaOH210gT* ^ftLfc 
o ft K > NaCl*210giPA, JOfSSSLfcf ftft L-^gtlLfc. *f tti L fc tt ft & 
2S i§ L fc & , 7k 4 0 0 m 1 . x?y-^ 400ml S: JD x. T iO US g *? f S: ift L , S *£ ft £ 
ffofc 0 *fttJLfc^^Sr«tii^ % l 0 0tf6SF^SiLtTffiO5, 5 ' - * tK = 40 
fc-* (2-7;Wtoxyfyx;V*ytthy^A) CD 6 ft £ # 0 Ml 5 5. 2 

g (0. 386mol,lft*70%). 
[ 0 0 7 4 ] 
[ it 2 0 ] 
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1 H - N M R ( D 2 O , TMS) ppm 

8 7 . 46 ( 2 H , d d , a - H X 2 ) 

7.99(2H,ddd,b-HX2) 10 

8. 23 ( 2 H , dd, c-HX2) 

Ttmfttir (%) C H 

f+»ffi 36.98 1.43 

£9ftt 36.65 1.40 

[ 0 0 7 5 ] 

( * j& m 2 ) 

^^^A«. fi AC tK S^I^il^I^fcSopS^^C, 5, 5 * - # 

>K = tf ^ (2-7;I/tP^yify^^*y8th!)'>A) 4. 2 2 g (0. Olmo 
1) , 4, 4 * -v ? ^/l-^-ci-<>'^^^y^2. 18g (0. Olmol) x 2, 2 - tT 

* (3, 5-^^^/1^-4-1: Kp^t^7x^/1/) :/ n s< 5 . 69g (0. 02mol 20 
) ^5ctt>*^^^y^^3. 46g (0. 025mol) & ff BX L fc . £ ft ;* ^ /U * 

* ^ v' K 4 Om 1 £ h /U 3i 3 Om 1 £ JD *L , Ii#iMTTaj$ 1 3 0 *C "C 2 B# Pfl 

[ 0 0 7 6 ] 

51 # IK # , 1 6 otfl 4R#mKJCS:frV^ tt«4#y-r-»*«r »-fc » <b ti It m WL K 
v^^f ^x/l/^^>>K6 Om 1 S:JD*.T#3RLfc^«aaLfco r (^) !) -7 - jgffi ^ 7 t h 

yeoomiciffflu «fBif:*y-7-«SM, 1 6 ot-C4»mft*it*y v 

- » 1 0 . 39g (tR*9 2%) . »&ttfc*yx-f ^^r hy»©#ftttaso. 85 
d 1 / g . #7^68»ill 2 3 0 t, 5%lt*'>B«li 3 6 7 t"e*ofc B 
[ 0 0 7 7 ] 30 

(a) #feftfc»*3#y^ — h 
2 0 OtTM^rSSILt^/^y^Na ^ttt6^yx-r/^ h ^ Bt S: # fc . 

* feftfciltt^rfcSttfc**, »»-e*)Ofc 0 £ (DRfcOV^. tuts ( — ) tCWB«tCO*fe 

-C-f*^e**«:a*Ufc*lr**:*l I- * i" . 

(b) roJSIS:, flu IS (~) ^1E*^*ft-C^nb^SS»S:tTV>, 
^yx-f/^f>'l|^#fc 0 #feix-fcKttpri:5ttt-»*, 9ft Q "C fc o tz „ r^gtco 
^T, Bute (-O fc|E«o*ttT?>f*^ei»«t«eufclS**r*llc*i- 0 

(c) ± |S (a) T^btlfc^^^ySN a S: * 1 1 5 # y x - f ;u hyR*, W IE ( 

* ) lC|EHO*jSfeT»»«L, ^;U*y»N a*t*«*y x-fA'ir hygltffe. « h 

ixfcKttpTfcittlc**, »0-efcofc 0 :^il:ov^r, tuts (-O 40 
>e*flE«r»jeLfc*S**r* 1 ^ "T . 

(d) _b|5 (c) "e»bftfc^;U*y»Na4t*i#yx-f yv^r hyRft, gfj |B (n 

[0 0 7 8 ] 

_h !E (a) "Cftt)ht^/l/*y»N a ^t*y x - ^/U^h^lK^ — Uft^^f /V^/U* 

* > K » L fc i: r 5 X £ K: ^ ft? U , * (c ft L It t r 5 - £B « A? L fc ff # ^ ^ & it D - 

JLIE (c) -CSbixfe^/v^yR-N a^f x-f/Kr hyRli, v^^A-* 

/u * > K £ tK ^ ^ * it L , »«LTBS|p 0 ntt*3J:i;B*tt^fpi±LTV^ w t ^ 50 
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fife B £ in tz o > 

[ 0 0 7 9 ] 

( -fr j& m 3 ) 

2, 2 - fc* * (3, 5-v > ^^ L /l/-4-t:Ko^iy^zri^./U) ;/ n s< > 5 . 4 1g (0. 
0 1 9mo 1 ) Srffl^fcl^^^^2 i: Hi (C t X y -7 - ^ 1 0 . 3 0g (i|X$9 3% 
) £ » 1t o # fc ft fc * y ^ - X /U ^ h > » CO » ft ft m tt 0 . 4 0 d 1 / g % 5 % * ft tt '> 
^Sli 3 6 0 ttfcof; o 

#&ftfc»*#y^--§:ffl^. ^««2 (a) - (d) t H^l: IT* y x-t/^ b y 

S * , 3fi «5 "C fc o fc 0 10 
[ 0 0 8 0 ] 

im i ] 





(S/cm) 


(a) 
(30^/90*0 


(b) 
OO'C/SO'C) 


(c) 
(30^C/90'C) 


(d) 
(30TC/90'C) 


2 


0.018/0. 065 


0.048/0.147 


0.017/0.069 


0.021/0.132 


3 


0.018/0. 063 


0.051/0.150 


0.016/0.069 


0.020/0.136 



20 

[ 0 0 8 1 ] 

( m m m i ) 

1 - 1 ) « ft? H R <d & & 

1-2) ffi««««©f^J« 

^■fiKfi»j2-r?»6>nfc^'Bh^»as***y^-9 t ^*-i-v»s:iwrie ( = ) tHStT'o f 

V^^Lfc^^O. 5 g ^Ut^lt Lt, Ig*5. 0g,7 i hvtKDy'v>'4. 5g 

.©«-e-*ttfc**PLfc!7;=.* i o g z m<pm&mm<D 3 o w t % p tsi«i ( * »• : t 

EC10V30E)0. 5giS^L, S t S fPiD © © ^ L > ^^ftttlfi^ttL 30 

Ji€ U- §g # — tK>-< — — (St : TGP-H- 0 6 0 ) ©±C7/y ^-^^ffl^T, 
la^ft^rtl L> 7 Ott 1 2 S*f B 1KSg;!SLfci, 5 cm 2 |;HDtBLii2 i Lf; 

* mmmum tePtmx-2mg / cm 2 tvtz 0 

[ 0 0 8 2 ] 

1-3) 

>-^mbfc»)*0. 5g£;i£»£iJi:LT,^^*5. 0g.7 1 h7tKD77V4. 5g 
Ojg-g-^iKfC^WLit^^^ 1 0 g ^Btt&IM© 3 3 w t % P t R uS^fttl ( £ ffc 
:TEC6 1V3 3) 0. 5gi»^L, «t8filiOO*.«l»L, KjSfillllltaAtt i 40 

SCUK^-alf^^t-^- (SS: TGP-H- 0 6 0 ) W ± t ft ?r i I L , 7 0 

"C 1 2 8# * £ ffc ^ L fc & , 5cm 2 (^«]'3mbfl;«2' tLfc. ttlllittPtR 
u4T-2mg/cm 2 t L fc „ 
[ 0 0 8 3 ] 

1-4) tc -e- # w ^ 

1-1 T- ritLfc^/v^vK^tSSISjKyai-Tyu^ h ft? « K i 1 - 2 T* fi£ L ft 
12, l-3TMtJ&L/c®^2'^*l,-?;*XltSi:-f-o£ > 20wt%-rb7t Kn:77^* 

L , 0. 4MP a ^IISIIcro^jlELf;, iDJELfct*tffi(D44, 8 0ti)>?,l 50 
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-fr <* tt (5 k m « tt -c *> o it a* , . m s k 4 a> 0 fc D 

[ 0 0 8 4] 

i - 5 ) mm^m 

1 - 4 TMtfi!cL/ci»IllftS^ft:^, E 1 e c t r o c h e m ttK ^JRSlift ttft i? 
/I- ( p H p S : EFC — 0 5 — REF) (d fc& ^ ii ^ % l8lOj||RWmft«:iIi&*fi:Tfco ir #1 * 

M % W tt £ fi'J 36 U fc o m 5 . lmW/cm 2 £0{li^^||f: 0 1 - 3 TMM If: P t R u 1 

& §t 2 IZ 7jk L fc o 10 
«*f*««o-fe^S:4>WU, m «? « All £ S ® <^ f«J pi 

ft ^ O tZ o 

[ 0 0 8 5 ] 
[* 2 ] 





SSI® 




8 Or 




1 M (3. 2%) 




2 c c/m i n 




3 0*C 




0. 0 5 M P a 


grafts 


1 0 0 S CCM 




5 0*C 



20 



[ 0 0 8 6 ] 

(**g^J2) 

2 - 1 ) ««ltROM 

0iJ 2 <7> <K !)' - & fl§ 1^ . (d) T"#P)^fc^^*V^I;t^ji^!Ji-T;U^f>K 
£ S ft? ® l» t Lfc 0 
[ 0 0 8 7 ] ;•• 

2-2) 30 
^*fii!2f#blifc7'B hvSS^t^yi- ^^yhv^SrgffS ( = ) iPii:/o h 

v55mbfc*&*o. 2 5 g, •&^«ii3f#?,iifc7 , D hyfitt h >m 

(-) t mm^y *> b ^$z& ^itm* o . 25g^,^@*5. o g , <? b ? t k 

d^7^4. 5 g©H^Sll^HLf;!7^^ 1 0 g Al dr i c h *± ®! 3£ 6£ S 

t7-yf»iSi^T- (N a f i o n) 5 w t % 8* ( ffi # : 2 7 , 470-4) l'Ogtfi 
^•L7 = xi: Lf;„ ; = ^ 2 0 g i ffl t*41S© 3 0 w t %P t Sj$»| ( £ 

*:TEC10V30E) 1. 0 g b M & \^ , m ^ fcW m <D <D % M W L , £ f& mm f& 

MlsMti — — ( D D Q #:TGP-H-0 6 0) WitCTr/y-Jr-^&ffl^T, fit 
MsEt^ilL, 7 0 <C T* 1 2 ffl X £ & ^ L fc & , 5 cm 2 0 iii Uti 2 t L/: 40 

o fi4^MXSl4Pt*T*2mg/cm 2 t L it . 
[ 0 0 8 8 ] 

2-3) jftfttitttf£>{l£j£ 

^fi!c«2-eft6nfc^D hy«||*|r*y x-f;v<r hvfttiiE ( = ) i: H # :/ n h 
^3*ifeLfc»*0. 2 5 g , ^^«3f#f>jlfc/n h y D i-f h V|» 

Srifrl2(-)i:l^«llC7'nh>-iSS^L/c^*0. 2 5 g 5r > IS*5. 0 g . T b y t K 
n 7 7 >" 4 . 5 gCDjg-^^«E^^j!?Lfc!7^^ 1 0 g t A 1 d r i c htt®!i@&&££-W 
7 -y ijf =fc iij # ^ (Na f i on) 5 w t % i§ $t ( S # : 27, 470-4) lOg^^-g- 
l7=^Ht. :©i^!7^720gtffltt41S©33wt%P t Rugjftel ( 
«»: TEC6 1V33) 1. 0 g tl^L, iS f|l J)D © « % 1# L > llUfillllS 50 
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m t l tz „ 

-gL^mX — iS^^ — y<— (p°p#:TGP-H-0 6 0) 0±(Cfii^|a)^^?r^XU, 7 0 
tfl 2Hr B 1SSeiLtS, 5 c m 2 0 tii LIS 2 ' Hit. MlIittPtR 

uS'C2mg/'cm 2 i: Lfc„ 
[ 0 0 8 9 ] 
2 - 4 ) l^ftW^^ 

2 - i -r?^fi)oLfcx/ix^^^^^-?gfli7Ky b >mmmm t 2 - 2 t- l. re « 

« « -g- # & m l ^ c ^-a-mw«/w®ismns^^(i(it?^^^^T-fo^y-c^^ n ® » 

fij PI f± * fr^tz, 10 
[ 0 0 9 0 ] 

2 - 5 ) fg®t*g* 

2- 4X'ft!&i,tzmwmwimMm-&fc*m\<^x, m m m 1 v> 1 - 5 ti^i«(c^^*?t!ite^ 

Ru«ffi2' «r * * y - ^ « in Jfi V . 8^Lfc«»Ift©t»»ttS:ia3C*Lfc. ffl 

»«K««wfe/u*»»b, m««mm«s-&*^«^bfc*5. « «? s ibi t « « <*> m m it 

[ 0 0 9 1 ] 

(»i«3) 20 

3 - 1 ) tt ft K GS <o fl; j£ 

3- ;&#ij2cD#y^-£ffli,v (d) f#f>jifc^/i/*ySS^tS?i#yx-f;i'^hv 
IBS £ ® fi¥ K Bi i Lfc„ 

[ 0 0 9 2 ] 

3-2)3gfitH®;ffi0>f£/£ 

Al dr i chttKffi5t^S^fl"7-y^^ii5^^ (Na f i on) 5 w t % *g ( p n p # : 
27, 470-4) 1 0 gJ:Btt^I8iO30wt%P tSSflitS («|: TEC1 0 
V3 0E) 0. 5gir^^L, M ft JP CD © *> MW L , 84 g£ #1 file i L «, 

(p°p#::TGP-H-0 6 0) O ± l; 7 / !i - ^^rfflV^T, 84 
M^tt^ilL^ 7 0 < C-t?12S#W*£<6*fcLfl:&, 5 cm 2 ») tli Lti 2 i Lfc 30 

. Mlllf IIP t it 2 m g / c m 2 £ L It o 

IEtc©«B2±lc:-g-figfisj3-C#f,tt]t7 0 n hvses^^-TKyai — ■7 L /u^h>'*&S:«til5 ( =• ) 
b fflMlZZf v b ^ & LtzfflM 0 . 5 g £ ^ @ * 5 . 0g,7 i h7tKn77V4. 5g 

om-Sfem^mm Liz? =. * 1 o g t a i d r i c h t±mm&mm^m ? mm&ft* c 

Nafion) 5 w t % *g ?fc ( fo # : 2 7 , 470-4) 1 0 g 4" L ? = X f f 

iiiit. *<D&i%i&£%'pX'i®!.i&m£ j tttz„ -f a b > m m-* m # v = - x /u t y > / 

S^MtW7 7ii«»fS^«i|IiliKj|liflmg/cm 2 £ L fc 
[ 0 0 9 3 ] 

3-3) ifiltlWi^S 

Al d r i c httgligltf 7y||fl»f (Na f i on) 5 w t % i§ $E ( & S : 40 
27, 470-4) 1 0 giBttii»»3 3w t%P tRufiftlitl TEC 
6 1 V 3 3) 0. 5 g ift^L. liW&epJawotbJf^L. ^^®«J«E«a^^i: 

U8!*-#y<-^- (p p p#:TGP-H-0 6 0) ©ICttlllffeft ^ il L > 7 0 
t-ei 2^r»lSE^«lUfc«, 5cm 2 (C^•9^±JLfl;^2• tlfc, ttiiliftP tR 
u4T-2mg/cm 2 i: L „ 

Hic«ffi2' ±K-g-fig0ij3-c^p > tb3fyoh>'^a^^r#y^-7 i /V'^h>asr*iiE ( =• 

) tl^^C/B h yX*Lfcl»*0 . 5 g 3§ © * 5 . Og-Xh^tK 077^4. 5 
g<7)S-g-?§jK(c:^ftLfc!7 = ^ 1 0 g t A 1 d r i c htt»«»»***7y*»il5»^ 
(Nafion) 5 w t % i& ( p° Q # : 2 7 , 470-4) 1 0 g ^ 1^ L fc 7 = ^ & »| 
illLfc. tO«tilffift')'-ei(tfti8**ft. ^nh^^S-g-^'^y^-x/w^b^ 50 
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/S3ilS^t7y*IH»?S^*|IiligSliflmg/cm z t Lfc 0 
[ 0 0 9 4 ] 

3-4) mitten ft m, 

3 - 1 X'ftffc L tz X * > ft 9gm # V ^ - ^ jvT V > m fl? « If t 3 - 2T'^«Lt« 

M2 , 3-3tff*Lfcti2' % *i ? h i tic-r -o * & m i, tz , mmm i - 4 t m 

fij K tt 4 ^ofc„ 
[ 0 0 9 5 ] 

3 - 5 ) £ ttRIft 

3-4-ef^fifcbfc*WKg|*S»^-fl:SrfflVN-c. MMM l <r> l - s k mm & m 10 

^■5iT,ffi?lfei|#ttSraiJ^Lfco*tl0. 8mW/cm 2 wm*Sr»fco 3-3T?^fi)cL,7t 

0 iB'J 5£ # £ * 2 ^ L „ 

MK8Sot;^»»U tlSfSIIg&f^l^Lfci!, « ft? « IH i: S II » fj g« f* 

4 fa O fc o 

[ 0 0 9 6 ] 

( Jfc tt « ) 

^ JS fll 3 <£> 5 , 3-2, 3 - 3 <7? « i£ <o f£ j&lc: *5 r , «®±(cpt»^x-r^>y^^.(c 

Al dr i c h !tl@%Kit# 7 y mUkftft* ( N a f i on) 5 w t % * « ( & # : 

2 7, 4 7 0- 4) $: ffl EJl * »4 , «#J3i|s]«lc:^^{#<7>^J&£?T&ofc 0 f£ J* 3 20 

*X « # J* , 3H£ £ # {6 < , fft^'U'^TS^'bro^'JttiL.^Fl-. ^ « SC If £ l! H tf 5 *J HI L 

[ 0 0 9 7 ] 

I mm 
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